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INTRODUCTION 
 

In a 2001 report the Committee on 
Military Nutrition Research (CMNR) stated that 
military personnel are often placed in unique 
situations in which extended alertness is required. 
This is most evident in situations involving sentry 
duty, radar monitoring, communications, long-
range air support missions, and logistical supply 
requirements as well as in combat itself. In 
addition, personnel are often required to forgo 
sleep in order to meet mission requirements and 
this inevitably leads to various degrees of sleep 
deprivation.  It is well accepted that restricted 
and/or total sleep deprivation will result in a 
concomitant impairment in cognitive performance 
(for reviews see Angus et al., 1992; Dinges and 
Kribbs, 1991). 
   

Caffeine’s ability to maintain or improve 
mental performance in rested, fatigued, and/or 
sleep deprived individuals has been well 
documented (for reviews see Fredholm et al., 
1999; Lieberman et al., 2001; and Smith, 2002) 
and the CMNR (2001) has recommended caffeine 
for use as a fatigue countermeasure.  Two 
important areas of concern with caffeine are how 
it can be delivered and the duration of its effects.  
Kamimori et al. (2002) have demonstrated that 
caffeine, administered in a chewing gum 
formulation, can be delivered three times faster in 
comparison to a capsule formulation.  Additional 
studies using this chewing gum formulation have 
shown that a multiple dose administration 
paradigm (200 mg/2 hr)can effectively maintain 
vigilance for six hours in the early morning hours 
following a night without sleep (Kamimori et al., 
2003) and have identified the effects of habitual 
high consumption with the same administration 
paradigm (Kamimori et al., 2004). Although these 
and other studies have provided a wealth of 

information on the ability of caffeine to sustain 
performance during sleep deprivation, few studies 
have examined its effectiveness in the 
performance of military tasks and under field 
conditions.  Consequently, this study was 
designed to evaluate the effect of caffeine, 
administered in a chewing gum formulation, on 
vigilance and accuracy in a live fire 
marksmanship task and in a field observation task 
during a 55 hr training exercise with restricted 
sleep.  The secondary goal was to compare 
performance on a standardized laboratory 
Psychomotor Vigilance Test (PVT), designed for 
use in the field, with performance on these 
militarily relevant tasks.  
 
 

METHODS 
 
Subjects.  
 
 Thirty healthy male soldiers from four 
sections with mean ± SD values for age (23.6± 
4.5 yr), height (181 ± 6 cm) and body mass (81.8 
± 10.3 kg) participated in this study. Each section 
was assigned a number (1-4) and two of the 
sections were selected to receive CAF (n = 15) 
and the other two a placebo (PLA, n = 15) in a 
double-blind manner. Since all tasks could not be 
evaluated at the same time for all subjects (see 
below), one CAF and one PLAC section were 
grouped together to control for order effects. All 
subjects were certified field-fit by their base 
Medical Officer prior to participation and 
Weapons Test qualified for the use of the C7 rifle 
and C79 scope. The soldiers were fully informed 
of the details, discomforts and risks associated 
with the experimental protocol during an initial 
briefing, and written informed consent was 
obtained. Volunteers were not selected if they 
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were taking any medication or if they had given 
blood within 30 days of the study. The study was 
granted approval by the human ethics review 
committee of Defence R&D Canada, Walter Reed 
Army Institute of Research and the Therapeutics 
Protection Directorate of Health Canada. 
 
Baseline Testing.  
 

Day 1 was the base line day. Soldiers 
reported to the drill hall at 08:00 hr where they 
were briefed by the scientific staff about 
experimental procedures. After the briefing, the 
soldier’s coffee/tea consumption for the morning 
and daily consumption habits was recorded on a 
caffeine questionnaire and they were restricted 
from any caffeine use for the remainder of the 
study period. The soldiers had consumed their 
normal morning coffee or tea consumption prior 
to the briefing. 
 

At approximately 09:00 hr the baseline 
five km run was conducted.  Just prior to the run 
the soldier’s height and weight were measured. 
After the run the soldiers underwent training on 
the psychomotor vigilance task (PVT) as 
described below.  Following lunch, soldiers 
reported with all personal equipment necessary 
for a 48 hr operation.  All subjects then completed 
an 11 km forced march to the target range.  They 
set-up camp for the night and weapons were 
zeroed in preparation for the night control shoot.  
Smoking or chewing of tobacco was not allowed 
between 18:00 and 23:00 h but otherwise its use 
was not restricted during Day 1. 

 
Sections1 and 3 reported to the target 

range at 19:00 h where they completed the 
baseline cycle of PVT and control marksmanship 
testing (as described below). Since the number of 
lanes on the range was limited, all soldiers in the 
two sections could not perform the marksmanship 
task at the same time. Thus, approximately half of 
the soldiers from each section performed the 
marksmanship task first while the others 
remained in the range shack and performed a PVT 
every 15 minutes. After these tasks had been 
completed, the soldiers switched tasks. Two hours 
later the other sections began their cycle of PVT 
and marksmanship testing. Once these sections 
had finished the marksmanship testing a final 
PVT was performed by all soldiers. Subjects were 
kept awake until 02:00 hr of Day 2 at which time 
they began a three hr sleep period in the range 
hut. 

Soldiers were awakened at 05:00 hr and 
following breakfast performed a second forced 
march of five km to the Fighting In Built Up 
Areas (FIBUA) site. For the remainder of the 
morning the sections fortified and set-up sandbag 
defensive positions in and around the building 
that would be used during the evening’s vigilance 
testing.  In the afternoon the soldiers conducted a 
live-fire simunitions exercise.  

 
Experimental Testing.  
 

At 19:30 hr subjects were briefed on the 
sequence of testing that would occur during the 
overnight period.  Smoking or chewing of 
tobacco was not allowed between 20:00 hr and 
06:30 hr the next morning but its use was not 
restricted at other times of the day.  

 
The testing was divided into an early 

(2200 hr of Day 2 to 0200 hr of Day 3) and late 
session (0200 to 0600 h of Day 3). Within each 
test session the soldiers completed the PVT and 
marksmanship task and the FIBUA vigilance task. 
Sections 1 and 3 completed the PVT and 
marksmanship task first while sections 2 and 4 
completed the FIBUA task first in both the early 
and late test sessions. Prior to beginning the early 
phase of testing all soldiers chewed one stick of 
gum for five minutes. A further two sticks of gum 
were chewed for five minutes after completing 
the first task and before switching to begin the 
other task at approximately midnight of Day 2. 
Each piece of the gum contained either 100 mg of 
caffeine or no caffeine. This sequence of testing 
and caffeine or placebo administration was 
repeated during the late phase of testing. The total 
dose of caffeine administered during the night 
was 600 mg. After the late phase of the testing 
was completed soldiers were transported to the 
drill hall where a repeat of the initial five km run 
was performed starting at 09:00 hr. Prior to 
beginning this five km run, soldiers chewed on a 
cotton stick for three minutes to provide a saliva 
sample that was later analysed for caffeine. After 
the final five km run, a short debriefing occurred 
after which soldiers were transported to their 
place of residence for recovery sleep. 
 
Marksmanship Vigilance and Accuracy.   
 

The marksmanship task was completed 
on an outdoor range and consisted of two 
components. The first was a vigilance task lasting 
40 minutes followed by an accuracy task which 
lasted five minutes.  Subjects were directed to fire 
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a single shot at any target which appeared in their 
lane and to expect between two and five targets.  
The range was unlit and upper body targets were 
raised in each lane at a random interval with four 
total targets per lane per test. The targets were lit 
from below as they were raised above ground and 
remained above ground for a period of four 
seconds.Targets appeared in each lane four times 
randomly sequenced during the 40-minute period 
and were illuminated from below; otherwise this 
task was conducted in total darkness. A maximum 
of two points was awarded for each target; one for 
recognizing the target and firing the rifle, and one 
for hitting the target. 

 
The second component was an accuracy 

task which followed the vigilance session.  The 
range was lit by para-flares and soldiers had five 
minutes to fire the remaining rounds in their clip 
(they began the vigilance task with 10 rounds) at 
a new target. Each shot that hit the target was 
awarded one point.  No specific firing instructions 
were given other than to hit the target.   
 
 
Fighting in Built Up Area (FIBUA).   
 

At the FIBUA site each subject was 
assigned an observation position in a window or 
doorway and directed to observe and record any 
actions (time, location, event) occurring in and 
around a building on the opposite side of the 
street (~15 M).  The soldiers were to record the 
where, when and what of any activity that 
occurred in and around this building. The nature 
of the activities (such as a person opening and 
closing shutters, coming out of a door, a pen light 
being turned on to simulate reading a map, or 
someone walking from a corner of the building to 
enter the building) and the time that they appeared 
throughout the 90 min observation period were 
randomized such that one activity occurred 
randomly within each ten min block for a total of 
nine activities over the 90-minute period. Prior to 
the start of this activity soldiers synchronized 
their watches and were given a flashlight, 
clipboard and pen to record their observations. 
Each activity was awarded a maximum of three 
points; one for recording the appropriate time of 
the activity, one point for describing the whole 
activity accurately and a third point for stating 
accurately where the activity happened. Thus, the 
total number of points awarded for this activity 
was 27 and scores were expressed as a 
percentage.  
 

Psychomotor Vigilance Task (PVT).  
 
The PVT is a computerized vigilance test with a 
reaction time component that is administered on a 
hand held palm pilot.  Subjects press a button 
each time a bull’s-eye appears on the screen.  Test 
presentation occurs with 1-5 sec interstimulus 
interval and the test is five min in duration.  The 
data collected included reaction time (RT, speed), 
minor lapses (RT > 500 msec) and major lapses 
(RT > 3000 msec). In addition to the PVT test 
session in each test period, PVTs were also 
administered prior to and after the completion of 
the marksmanship and UOVT.  
 
Measurements.  
 
 Saliva samples were assayed for caffeine 
concentration using gas chromatograph-mass 
spectrometry electron impact single ion 
monitoring (model MSD 5970a Hewlett Packard, 
Palo Alto, Ca).  
 
Statistics.  
 
An analysis of variance with one repeated factor 
(time) and one grouping factor (drug) was used to 
determine differences between and within groups. 
To correct for the violation of the sphericity 
assumption with the repeated factor, a Huynh-
Feldt correction was applied to the F-ratio. When 
a significant group and time interaction occurred, 
a Newman-Keuls post-hoc analysis was 
performed to isolate differences among treatment 
means. For all analyses, an alpha level of ≤ 0.05 
was used for statistical significance.  Regression 
analyses were conducted to determine the 
relationships between PVT and Marksmanship 
and FIBUA task performance. For each variable 
in each comparison, groups (PLA and CAF) and 
sessions (early and late) were combined but 
matched accordingly.  
 
 

RESULTS 
 

Daily Caffeine Consumption.  
 

Two soldiers in the CAF group and 4 in 
PLA were nonusers of caffeine. For the remaining 
soldiers, caffeine consumption ranged from a low 
of 42 to a high of 1823 . Daily 
caffeine consumption was not different between 

1daymg −⋅

 3



the CAF (698.4 ± 493.1 ) and PLAC 

(400.9 ± 456.4 ) groups. 

1daymg −⋅
1daymg −⋅

 
Caffeine Concentration. 
 

One saliva sample was lost for a soldier 
in the PLA group but for the remaining soldiers in 
this group there was no measurable trace of 
caffeine in their saliva. In contrast, saliva 
concentrations of caffeine measured 9.9 ± 6.0 µM 
for the CAF group. 
 
 Marksmanship.  
 

There was no significant decline in 
marksmanship vigilance during the early test 
session on Day 2 in either the placebo or caffeine 
groups.  However, in the late session there was a 
significant decrease in vigilance in PLA while 
vigilance was maintained in CAF (See Figure 1).  
There was no significant difference between PLA 
and CAF in any test session. 
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Figure 1.  Effect of caffeine on marksmanship 
vigilance. * = significant difference compared to 
control. 
 
As illustrated in Figure 2, there was a trend 
toward decreased marksmanship accuracy over 
time in PLA which was significantly reduced 
relative to both the control and early test sessions.  
Accuracy was maintained with CAF across all 
test sessions.  
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Figure 2.  Effect of caffeine on marksmanship 
accuracy at three different time points. * = 
significantly different from control and early 
night.
 
FIBUA.  
 

Performance on the FIBUA task was 
significantly impaired in PLA between the early 
and late test sessions (82 to 44%) while 
performance was maintained in CAF (See Figure 
3.).  In addition, in the late test session (0200-
0400 hr) performance in PLA was significantly 
impaired relative to CAF.   
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Figure 3. Effect of caffeine on performance in the 
FIBUA  vigilance task. * = significant difference 
between early and late. ** = significant difference 
between PLA and CAF. 
 
 
PVT.  
 
Reaction time significantly increased and the 
number of minor and major lapses was 
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significantly increased over time.  There was a 
three fold increase in the number of minor lapses 
in the early test session but this was not 
significant. However in the late session the 
number of minor lapses was significantly higher 
than control and CAF (See Figure 4).  Although 
there were very few major lapses during the 
study, the results mirrored those observed for 
minor lapses (See Figure 5).   
 

 
 
Figure 4.  Number of minor lapses on the PVT in 
relation to marksmanship vigilance. * = 
significant difference from control.  ** = 
significant difference from CAF  
 
 

 
 
Figure 5.  Number of major lapses on the PVT in 
relation to FIBUA performance. * = significant 
difference from control.  ** = significant 
difference from CAF 
 
Comparison of Military Tasks vs PVT.  As 
presented in Table 1 there was a significant 
correlation between the number of major or minor 
lapses and vigilance on the marksmanship task 
and for FIBUA performance.  However, 
marksmanship accuracy did not correlate with 
PVT performance.   

 

R2 = 0.22
p < .000

R2 = 0.002
p > .05

R2 = 0.24
p < .000

PVT
Minor Lapses
0.5-3.0 sec

R2 = 0.26
p < .000

R2 = 0.006
p > .05

R2 = 0.26
p < .000

PVT
Major Lapses
> 3 sec

FIBUAMarksmanship 
Accuracy

Marksmanship 
Vigilance

Table 1.  Correlations between marksmanship vigilance and 
accuracy and FIBUA performance and the PVT.
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DISCUSSION 

 
The results of this study demonstrate that 

sleep deprivation has a profound negative effect 
on performance of military tasks that include a 
vigilance component.  Marksmanship vigilance 
and accuracy, FIBUA, and PVT performance 
were all compromised by sleep deprivation.  
Multiple small doses of caffeine (100-200 mg), 
administered in a chewing gum formulation, 
maintained performance on all of these tasks 
during the 55 hr operation.  These findings 
provide support for the fielding of caffeine as an 
effective fatigue countermeasure in the 
operational environment. Finally, the significant 
correlations identified between marksmanship 
vigilance and the FIBUA task with the field 
laboratory task (PVT) will facilitate development 
of a model to predict performance in the field 
based on laboratory results. 
 
 The ability of caffeine to maintain 
cognitive function during periods of sleep 
deprivation have been well documented in the 
laboratory (Beaumont et al., 2001; Kamimori et 
al., 2000; Penetar et al., 1993; Wesensten et al., 
2002) using a variety of computer based tests. 
These studies have shown that the benefits of 
caffeine are proportional to the extent of the 
performance degradation observed during the 
period of sleep deprivation, with consistent 
positive effects on reaction time, vigilance and 
alertness tasks.  In one of the few studies to 
examine performance in a field environment, 
Lieberman et al. (2002) determined the 
effectiveness of caffeine on cognitive function 
during a stressful military training exercise. 
Following 72 hours of sleep restriction either 
caffeine (100-300 mg doses) or placebo was 
administered and cognitive function was assessed 
1 and 8 hours later.  Improvements in vigilance, 
reaction time, attention, mood and sleepiness 
were reported and the degree of improvement was 
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related to the dose of caffeine administered.  
These results are consistent with those of the 
aforementioned laboratory-based studies.  
 

Previous studies using firearms training 
simulators (Tharion et al., 2003; Tikuisis et al., 
2004) have shown that sleep deprivation slows 
target engagement time and impairs 
marksmanship accuracy.  Tharion et al. (2003) 
reported that caffeine improved target 
engagement time while Tikuisis et al. (2004) 
showed that engagement time was restored to 
baseline levels with caffeine.  Both of these 
studies reported that the impaired marksmanship 
accuracy associated with sleep deprivation was 
not restored with caffeine ingestion.  In addition, 
Tikuisis et al. (2004) reported that caffeine 
restored target detection vigilance which 
increased during sleep deprivation. In the present 
study, both marksmanship vigilance and accuracy 
were significantly compromised by sleep 
deprivation while performance was maintained in 
the caffeine group. It is important to note that 
although marksmanship accuracy declined in both 
groups during the late session the effects only 
reached significance for the placebo group. The 
present data, collected on a live-fire range, are 
consistent with those of previous studies (Tharion 
et al., 2003; Tikuisis et al., 2004), that used 
firearms simulators and support the use of 
caffeine for maintaining shooting performance in 
the operational environment as there were no 
significant negative effects on accuracy.   
 

Sleep deprivation had a significant 
negative effect on performance of the FIBUA 
task, which was expected as it is very similar to a 
number of standard laboratory vigilance tasks. 
Reaction time and the number of minor and major 
lapses on the PVT were significantly increased 
over time with sleep deprivation in the placebo 
group whereas caffeine maintained performance 
on all of these measures. These results are 
consistent with those reported in laboratory 
studies and also with more recent studies 
(Kamimori et al., 2003; Kamimori et al., 2004) in 
which a similar multiple dose administration 
paradigm was used in the laboratory.  More 
importantly, the significant correlation between 
PVT performance (number of minor and major 
lapses) with marksmanship vigilance and FIBUA 
performance demonstrate that laboratory based 
tasks can be used to predict performance on 
military task in the operational environment.   

 

In summary, this study demonstrates the 
effectiveness of caffeine for maintaining the 
performance of military tasks during a period of 
sleep deprivation. Vigilance and accuracy in a 
live-fire marksmanship task and in an extended 
vigilance task (FIBUA) was maintained at 
baseline levels with the administration of multiple 
small doses of caffeine ingested over an eight 
hour period. These results support the 
recommendation that during periods of 
unavoidable sleep loss the use of caffeine can 
extend the period of operational effectiveness 
during the conduct of military operations. In 
addition, this data will be instrumental in the 
development of models to predict field 
performance from laboratory results. 
 
 

ACKNOWLEDGEMENTS 

The authors wish to thank the officers 
and soldiers of 2 CMBG who helped plan and 
participated as subjects in this trial. In addition, 
this study would not have been successful without 
the support and effort of LCol Bernd Horn from 
the Directorate of Land Strategic Concepts in 
Kingston, Ontario. This research was conducted 
in conformity with AR 70-25 and USAMRDC 
Reg 70-25 on the use of human volunteers in 
research and the "Guiding Principles for Research 
Involving Animals and Human Beings".  The 
opinions or assertions contained herein are the 
private views of the authors and are not to be 
construed as official or reflecting the opinions of 
the United States Department of the Army or the 
Department of Defense. 
 
 

REFERENCES 
  
Angus, R., Pigeau, R. and Heslegrave, R., 1992:  

Sustained operations studies: From the 
field to the laboratory, In: Stampi, C., 
ed., Why we nap: Evolutionary, 
chronobiology, and functions of 
polyphasic and ultrashort sleep, Boston: 
Birkhauser, 217-41. 

Beaumont, M., Batejat, D., Pierard, C., et al., 
2001:  Slow release caffeine and 
prolonged (64-h) continuous 
wakefulness: Effects on vigilance and 
cognitive performance, J. Sleep Res., 10, 
265-76. 

 6



Committee on Military Nutrition Research 
(CMNR), F. A. N. B., Institute of 
Medicine, 2001: Caffeine for the 
sustainment of mental task performance: 
formulations for military operations. 
Washington, DC: National Academy 
Press; pp 1-157. 

Dinges, D. and Kribbs, N., 1991:  Performing 
while sleepy:  Effects of experimentally-
induced sleepiness, In:  Monk T, ed., 
Sleep, sleepiness, and performance, 
Chichester, England: Wiley, 97-128. 

Fredholm, B. B., Battig, K., Holmen, J., et al., 
1999:  Actions of caffeine in the brain 
with special reference to factors that 
contribute to its widespread use, 
Pharmacol. Rev., 51, 83-133. 

Kamimori, G. H., Penetar, D. M. and Headley, D. 
B., 2000:  Effect of three caffeine doses 
on plasma catecholamines and alertness 
during prolonged wakefulness, Eur. J. 
Clin. Pharmacol., 56, 537-44. 

Kamimori, G. H., Karyekar, C. S., Otterstetter, 
R., et al., 2002:  The rate of absorption 
and relative bioavailability of caffeine 
administered in chewing gum versus 
capsules to normal healthy volunteers, 
Int. J. Pharm., 234, 159-67. 

Kamimori, G.H., Johnson, D., Thorne, D., 2003: 
Efficacy of multiple caffeine doses for 
maintenance of vigilance during early 
morning operations, Sleep, 26 A196. 

Kamimori, G., Johnson, D., and Balkin, T., 2004: 
The Effect of Caffeinated Gum on 
Psychomotor Vigilance in High Versus 
Low Caffeine Consumers, Sleep, A.  

Lieberman H.R., 2001: The effects of ginseng, 
ephedrine, and caffeine on cognitive 
performance, mood and energy, 
Nutrition reviews, 59, 91-102. 

Lieberman, H. R., and Tharion, W. J., 2002:  
Effects of caffeine, sleep loss, and stress 
on cognitive performance and mood 
during U.S. Navy seal training, 
Psychopharmacology, 164, 250-61. 

Penetar, D. H., McCann, U., Thorne, D., et al., 
1993:  Caffeine reversal of sleep 
deprivation effects on alertness and 
mood, Psychopharmacology, 112, 359-
65. 

Smith A.P., 2002 : Effects of caffeine on human 
behavior. Food Chem Toxico.,l 40, 1243-
1255. 

Tharion, W. J., Shukitt-Hale, B., and Lieberman, 
H. R., 2003:  Caffeine effects on 
marksmanship during high-stress 
military training with 72 hour sleep 
deprivation, Aviat. Space. Environ. Med., 
74, 309-14. 

Tikuisis, P., Keefe, A. A., McLellan, T. M., et al., 
2004:  Caffeine restores engagement 
speed but not shooting precision 
following 22 h of active wakefulness, 
Aviat. Space. Environ. Med., in press. 

Wesensten, N. J., Belenky, G., Kautz, M., et al., 
2002:  Maintaining alertness and 
performance during sleep deprivation: 
Modafinil versus caffeine, 
Psychopharmacology, 159, 238-47. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 7



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


